Prostate cancer can have a long and indolent course, and management without curative therapy should be considered in select patients. When counseling patients, a useful way to convey the risk for death from competing causes is to estimate their lifetime risk for dying from prostate cancer. Double-decrement life tables were constructed to calculate age-specific death rates using the death probabilities from the Social Security Administration life tables and Gleason score-specific mortality rates reported from a pre-PSA cohort study. The lifetime risk for prostate cancer death was calculated. Life tables provided life expectancy and risk for prostate cancer death based on age at diagnosis. For example, a 60-year-old patient with a Gleason score 6, 7, or 8 tumor had an overall life expectancy of 14.4, 10.2, or 6.6 years, respectively. The risk for prostate cancer death during the expected years of life was 33%, 49%, or 57%, respectively. If a 10-year lead-time bias was assumed for PSA detection, the risks for death from prostate cancer decreased to 16%, 26%, or 37%, respectively. If the patient was in the bottom quartile for overall health and disease was detected by prostate examination, the risk for death from prostate cancer was 21%, 32%, or 40%, respectively. A Web-based tool for performing these calculations is available at http://www.roswellpark.org/Patient_Care/Specialized_Services/Prostate_Cancer_Estimator.html.
Patients with clinically localized prostate cancer face a wide array of management options. Treatment may include definitive local therapy. Although prostate cancer is the second leading cause of cancer mortality, with approximately 3% of all men dying of the disease, 1 its natural history is heterogeneous and most prostate cancers are clinically insignificant. In one autopsy study, as many as 1 in 3 men older than 50 years had histologic evidence of prostate cancer. 2 Estimates show that 8 men will be diagnosed with prostate cancer for every 1 who dies of the disease. 3 Any active treatment leads to a decrease in quality of life. 4 Ideally, treatment would be reserved for patients most likely to die of their disease. Currently, no accurate test exists to identify these patients. Various prognostic models have been described to stratify prostate cancers. Commonly used prognostic models include the Partin tables, 5 the Kattan nomograms, 6 and the CAPRA (Cancer of the Prostate Risk Assessment) score. 7 Populationbased cohort studies have defined the natural history of prostate cancer diagnosed in the pre-prostate-specific antigen (PSA) era and managed without curative treatment. Albertsen et al. 8 defined the risk for prostate cancer mortality stratified by age and Gleason score. Johansson et al. 9 reported 15-year survival rates stratified by stage and grade. 9 Recently, Kattan et al. 10 developed a nomogram incorporating PSA to predict 10-year diseasespecific survival in men treated without curative therapy.
Elderly patients diagnosed with prostate cancer are adjusted for risk of dying from prostate cancer:
Life Table   The At each interval, l was the starting population, and reflected deaths occurring during the previous interval. Table 1 provides an example for calculating person-years for patients with Gleason score 7 prostate cancer. At the age intervals shown, q(2) and q′ (2) are identical at the number of decimal places shown. Total years remaining at each age (T) was calculated as the sum of all person-years starting at each age and going down to the bottom of column L. Life expectancy (e) was calculated:
The risk for prostate cancer death during a patient's life [q(3)] was calculated as the sum of all prostate cancer deaths occurring during a patient's expected length of life divided by the starting population:
For example, d(1) 1 is the number of prostate cancer deaths during the interval corresponding to the age at diagnosis. Table 2 shows an example for calculating life expectancy and risk for death from prostate cancer in patients with Gleason score 7 disease. To illustrate calculations for total years remaining (T), ages 95 to 105 years are shown.
at risk for non-prostate cancer mortality. Therefore, an estimate of life expectancy is essential for informed decision-making. Life expectancy is commonly estimated using the Social Security Administration (SSA) life tables, which provides life expectancies in years of life. However, most research studies report survival rates associated with prostate cancer. Therefore, during a patient counseling session, the risk posed by the prostate cancer may be difficult to convey when life expectancy is presented in years and prostate cancer survival is presented as a survival rate or chance at an arbitrary interval.
A better way to convey the risk for prostate cancer is to tailor the survival rate for patients by estimating their life-time risk for dying from prostate cancer, which can be done using standard actuarial methods. The authors used previously published mortality rates for prostate cancer to create life tables that estimate a patient's life expectancy and lifetime risk for dying from prostate cancer managed without curative therapy. The authors also illustrate how the calculations can be modified to account for lead-time bias from PSA screening and clinician assessment of overall health.
Methods
Double-decrement tables were constructed to calculate age-specific death rates using the death probabilities from the SSA life tables and Gleason score-specific mortality rates reported by Albertsen et al. 8 The width of each age interval was 1 year. The probability of death [q(τ)] during the interval was calculated as the probability of death from prostate cancer [q′ (1) ] plus the probability of death from all causes [q′(2)] minus the intersection of the 2 probabilities. The intersection represents the clinically impossible scenario in which patients die twice from 2 different causes.
In a population in which all individuals have prostate cancer, the risk for dying from it is adjusted for risk of dying from all causes:
Similarly, the risk for dying from all causes (a′) is
Lead Time
Lead-time bias in years (b) can be used to adjust the risk for prostate cancer death at each age. The life table was adjusted so that no deaths occur from prostate cancer during the lead time [q′ (1) Table 3 illustrates the inclusion of 5-year leadtime bias for a 50-year-old patient with Gleason score 7 prostate cancer. Note that q′(1) is set to zero (2), number of deaths from all causes; l, number living at start of each age interval; L, person-years lived during the 1-year interval; q'(1), probability of death from prostate cancer; q(1), probability of death from prostate cancer adjusted for risk of death from all causes; q'(2), probability of death from all causes; q(2), probability of death from all causes adjusted for risk of death from prostate cancer. 
for performing these calculations is available at http:// www.roswellpark.org/Patient_Care/Specialized_Ser-vices/Prostate_Cancer_Estimator.html. This tool allows users to input age and Gleason score based on biopsy to obtain estimates of life expectancy and lifetime risk for death from prostate cancer. The patient's quartile of health can be provided or an estimated leadtime bias can be included. The tool requires users to assume that patients are in the middle quartiles of health when lead-time bias is provided, and conversely, leadtime bias cannot be included in the calculation when patients are not in the middle quartiles of health.
Discussion
The mortality rate for prostate cancer detected by PSA screening and managed without definitive local therapy is not known. Population-based cohort studies with 20 years of follow-up have been reported for patients diagnosed in the pre-PSA era. 8, 9 A recent study characterized a cohort of patients with prostate cancer with baseline PSAs from 6 English cancer registries managed without definitive local therapy. The study described a nomogram that incorporated PSA for predicting cancer-specific survival. 10 However, the study was based on patients diagnosed in England between 1990 and 1996, when PSA screening was infrequently performed. Nearly half of the patients were diagnosed with prostate cancer after transurethral resection of the prostate. Therefore, it is not surprising that survivals predicted by the no- 
Adjusting Life Expectancy for Overall Health
The NCCN guidelines recommend adjusting patient's life expectancy based on the clinician's assessment of patient's overall health. 11 For patients in the best quartile of health, life expectancy is increased by 50%. For patients in the worse quartile of health, life expectancy is decreased by 50%. Therefore, the calculated life expectancy (e) can be adjusted before calculating the risk for prostate cancer death. Table 4 provides the estimated life expectancy for patients based on Gleason score and age. The mortality rates used for the calculations were from a pre-PSA population-based cohort study. Therefore, life expectancy was estimated after assuming 5-and 10-year leadtime bias. Table 5 provides the life-time risk for dying from prostate cancer based on Gleason score, age, and assumed lead-time bias. Table 6 provides the life-time risk for dying from prostate cancer based on Gleason score, age, and quartile of health. A Web-based tool (2), number of deaths from all causes; e, life expectancy in years; l, number living at start of each age interval; L, person-years lived during the 1-year interval; T, total person-years remaining; q'(1), probability of death from prostate cancer; q(1), probability of death from prostate cancer adjusted for risk of death from all causes; q'(2), probability of death from all causes; q(2), probability of death from all causes adjusted for risk of death from prostate cancer; q(3), probability of death from prostate cancer during remaining years of life..
Results
mogram are similar to survival rates reported in the pre-PSA era cohort studies. 8, 12 Most contemporary prostate cancers are detected based on PSA screening, before the tumor is palpable. PSA screening has nearly doubled the number of men diagnosed with prostate cancer since the 1980s. 1 This increase in incidence has been associated with a corresponding stage migration. In the Cancer of the Prostate Strategic Urologic Research Endeavor (CaPSURE) registry, percent of locally advanced (T3 and T4) tumors decreased from 11.8% in the early 1990s to 3.5% in 2000. 13 Therefore, previously reported mortality and survival rates based on pre-PSA screening cohort studies may not mirror contemporary American men diagnosed with prostate cancer, and results of randomized trials designed to define the natural history of untreated prostate cancer detected by PSA screening are years away.
14,15 Despite this important limitation, prostate cancer mortality can be estimated for modern patients when considering lead-time bias. Estimates of leadtime bias resulting from prostate cancer screening range from 5 to 13.3 years. 8, 9, 16, 17 In the European Randomized Study of Screening for Prostate Cancer, lead-time bias resulting from PSA screening was related to age of diagnosis. 18 A 55-year-old man was estimated to have a lead time of approximately 12.3 years, whereas a man aged 75 years had a lead time of approximately 6 years. Therefore, when using the method described in this study, assuming a 10-year lead time may be appropriate when estimating risk for prostate cancer death for patients in their 50s. Assuming a 5-year lead time may be appropriate when estimating the same risk for patients in their 70s.
For patients diagnosed with prostate cancer after presenting with symptoms or an abnormal digital rectal examination, life expectancy and risk for cancer mortality should be obtained without including a lead time.
The authors' model makes several assumptions. When constructing the life times, the mortality rate was specific for each Gleason score; however, for a given Gleason score, the mortality rate was assumed to be constant for all age groups. Also assumed was that deaths are distributed evenly throughout each yearly interval and that all deaths can be considered to occur at the halfway point of the interval. The death probabilities from the SSA include men who died of all causes, including prostate cancer. However, because the proportion of men dying of prostate cancer is expected to be small, these men were assumed to have died of causes not related to prostate cancer. Finally, when modeling the lead time, no deaths were assumed to have occurred from prostate cancer during the lead time. However, at the end of the lead time, prostate cancer mortality resumed at the rate observed in the pre-PSA era. 
